(19) 



J 



(12) 



(43) Date of publication: 

17.07.1996 Bulletin 1996/29 



Europdisches Patentamt 
European Patent Office 
Off ice europten des brevets (11) EP 0 722 137 A1 

EUROPEAN PATENT APPLICATION 

(51) Int. Cl.^: G06F 1/08. G06F 1/10 



(21) Application number: 95307997.7 

(22) Date Of filing: 08.11.1995 



(84) Designated Contracting States: 


(72) Inventor: Biesterfeldt, Randall P. 


AT BE DE DK ES FR GB GR IE IT LU NL PT SE 


Austin, Texas 78733 (US) 


(30) Priority: 22.11.1994 US 543646 


(74) Representative: Wright, Hugh Ronald 




Brookes & Martin 


(71) Applicant: ADVANCED iUIICRO DEVICES INC. 


52/54 High Holborn 


Sunnyvale, California 94088-3453 (US) 


London WC1 V 6SE (GB) 



(54) Clock control system for microprocessors 

(57) A microprocessor includes a clock control sys- 
tem for dynamically varying the internal dock frequency 
of the microprocessor. The clock control system includes 
a delay sensing circuit coupled to a clock switching cir- 
cuit. A set of tap points are distributed along a delay chain 
at the outputs of selected delay elements. Each tap point 
is coupled to a respective input line of a latch unit through 
a buffer unit. During operation of the processor, an exter- 
nal clock generator provides a clock signal to an input of 
the delay chain. The dock signal serially propagates 
through each delay element within the delay chain. As a 
particular rising or falling edge of the dock signal prop- 
agates through the delay chain, corresponding signal 
transitions sequentially appear at the tap points. The 
latch unit stores the signals at the delay chain tap points 



in response to a subsequent rising or falling edge of the 
external clock signal. Thus, an output of the latch unit is 
indicative of how far a particular edge of the dock signal 
propagated through the delay chain during a given 
period, and is thus indicative of a related delay associ- 
ated with the microprocessor. A decoding drcuit may be 
provided to decode the output of the latch unit and to 
provide an input to a clock switching circuit which con- 
trols the frequency of an internal clock signal to the proc- 
essor core. If a high propagation delay is detected, the 
frequency of the internal processor dock is decreased. 
Likewise, if a low propagation delay is detected, the fre- 
quency of the internal dock is increased. 
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Description 

This invention relates generally to computer sys- 
tems and more particularly to clock control techniques 
for microprocessors. We will also describe the measure- 
ment of propagation delays within microprocessors. 

Microprocessors or central processing units 
(referred to herein as "processors'* or "CPU's") are typi- 
cally capable of operating at much higher frequencies 
than the frequency at which they are actually set to oper- 
ate. That is, since a processor in a computer system 
must allow for a worst case scenario of operating condi- 
tions, the processor is typically set to operate at a fre- 
quency lower than its actual maximum operating 
frequency during normal conditions. In general, unfavo- 
rable operating conditions of the processor chip may 
cause an increase in the time required for a particular 
signal to propagate through a designated portion of the 
microprocessor circuitry. Therefore, in order to maintain 
proper operation of the computer system at all times, 
manufacturers rate a particular processor for certain pre- 
determined worst case conditions, and specify the max- 
imum operating frequency based on these worst case 
conditions. 

Thus, for example, a 33 MHz rated processor may 
potentially be operable at a higher frequency, such as 
49.5 MHz, during favorable operating conditions. The 
processor, however, will not be driven at 49.5 MHz in 
practice because the operating conditions may not 
always be favorable. If the processor were driven at 49.5 
MHz. failures could occur during the periods of less favo- 
rable operating conditions. 

Exemplary parameters that can affect the propaga- 
tion delays associated with a processor include temper- 
ature, supply voltage levels, and manufacturing 
variations. Figures 1A-1C are graphs which illustrate 
general relationships between these parameters and 
propagation delay. Referring first to Figure 1 A, as the 
temperature of a processor increases, the propagation 
delays associated with the internal circuitry of that proc- 
essor also typically increase. As illustrated in Figure 1 B. 
supply voltage levels can also affect propagation delays 
associated with a processor. Generally speaking, the 
lower the supply voltage to the processor, the greater the 
propagation delays. Processing variations may also 
impact propagation delays, as depicted in Figure 1 C. The 
maximum rated frequency of a processor is typically set 
to ensure operability when all delay-affecting parameters 
reach their worst case condition concurrently. 

With computing speed and performance a premium 
in today's market, a need exists for a processor that is 
configured to operate at an optimal frequency based on 
the current operating conditions of the processor. 

We will describe a processor clock control system 
which includes a circuit that continuously or periodically 
measures a related propagation delay in the processor 
without resorting to direct measurement of external fac- 
tors indicative of delay, such as temperature. Upon 



obtaining this measurement, the internal processor clock 
frequency is increased or decreased. 

In one emlxxJiment. a microprocessor includes a 
delay sensing circuit coupled to a clock switching circuit. 
5 The delay sensing circuit includes a delay chain having 
a plurality of serially connected delay elements. A set of 
tap points are distributed along the delay chain at the 
outputs of selected delay elements. Each tap point is 
coupled to a respective input line of a latch unit through 
10 a buffer unit. During operation of the processor, an exter- 
nal clock generator provides a dock signal, which is pref- 
eralDly associated with a stable frequency characteristic, 
to an input of the delay chain. The clock signal serially 
propagates through each delay element within the delay 
IS chain. As a particular rising or falling edge of the clock 
signal propagates through the delay chain, correspond- 
ing signal transitions sequentially appear at the tap 
points. The latch unit stores the signals at the delay chain 
tap points in response to a subsequent rising or falling 
20 edge of the external dock signal. Thus, an output of the 
latch unit is indicative of how far a particular edge of the 
dock signal propagated through the delay chain during 
a given period, and is thus indicative of a related delay 
associated with the microprocessor. A decoding circuit 
25 may be provided to decode the output of the latch unit 
and to provide an input to a cfock switching circuit which 
controls the frequency of an internal clock signal to tiie 
processor core. If a high propagation delay is detected, 
the frequency of the internal processor dock is 
30 decreased. Likewise, if a low propagation delay is 
detected, the frequency of the internal clock is increased. 

A processor clock control system as described 
advantageously allows dynamic control of the internal 
dock frequency of a processor to account for variations 
35 in propagation delays. During periods of favorable oper- 
ating conditions, tiie internal clock frequency will be 
increased. Similarly, during periods of less favorable 
operating conditions, the internal dock frequency will be 
decreased. Accordingly, an improvement in the perform- 
40 ance of the processor may be attained during favorable 
operating conditions while avoiding processor failures 
during less fevorable operating conditions. 

We will describe a microprocessor comprising a 
processor core capable of executing a predetermined 
45 instruction set and a clock switching circuit coupled to a 
processor core, wherein a clock switching circuit is con- 
figured to provide an internal clock signal to a processor 
core, and wherein a dock switching circuit is capable of 
selectively varying a frequency of an internal clock signal 
50 based on a control signal. A delay sensing drcuit is also 
provided coupled to a dock switching circuit, wherein a 
delay sensing drcuit is configured to generate a control 
signal dependent upon an extent of propagation of an 
external clock signal through a delay sensing circuit. 
55 We will also describe a method for dynamically 
changing a frequency of an internal microprocessor 
dock signal comprising the steps of generating an exter- 
nal clock signal, providing said external clock signal to a 
delay sensing circuit, and determining an extent of prop- 
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agation of said external dock signal through said delay 
sensing ctrcurt The method also comprises changing 
the frequency of said internal microprocessor clock 
based on the determination in step c. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects arKi advantages of the invention will 
become apparent upon reading the following detailed 
description and upon reference to the accompanying io 
drawings in which: 

Figs. 1 A-1 C are a set of graphs which depict typical 
relationships between the propagation delay asso- 
ciated with internal circuitry of a microprocessor and is 
tOTperature. voltage, and process variations. 

Rg. 2 is a block diagram of a microprocessor includ- 
ing a clock control system which provides an internal 
clock signal to a processor core. 20 

Fig. 3 is a block diagram of one implementation of a 
delay sensing circuit of Figure 2. 

Rg. 4 Is a timing diagram which illustrates a signal 2S 
state of each tap point within a delay chain as a rising 
edge of the external clock signal propagates through 
the delay chain. 

Fig. 5 is a timing diagram which illustrates the signal 30 
state of each tap point within the delay chain as a 
rising edge of tiie external clock signal propagates 
through the delay chain during a period of more favo- 
rable operating conditions in comparison to that of 
Figure 4. 35 

Fig. 6 is a flow diagram illustrating a method for con- 
trolling the frequency of a processor clock signal 
based on a relative propagation delay associated 
with the processor. 40 

Fig. 7 is a block diagram of a second implementation 
of a delay sensing circuit. 

While the invention is susceptible to various modifi- 45 
cations and alternative forms, specific embodiments 
thereof are shown by way of example in the drawings and 
will herein be described in detail. It should be under- 
stood, however, that the drawings and detailed descrip- 
tion thereto are not intended to limit the invention to the so 
particular form disclosed, but on the contrary, the inten- 
tion is to cover alt modifications, equivalents and alter- 
natives falling within the spirit and scope of the present 
invention as defined by the appended claims. 

55 

DETAILED DESCRIPTION OF THE INVENTION 

Turning next to Figure 2, a microprocessor 200 
including a dock control system 202 in accordance with 



one embodiment of the present invention is shown. The 
dock control system 202 indudes a delay sensing drcuit 
204 coupled to a ctock switching drcuit 206. The dock 
switching circuit 206 is conneded to a pM'ocessor core 
208. An external dock generator 210 is finally shown 
coupled to the delay sensing circuit 204 and to the dock 
switching circuit 206. 

The external dock generator 210 preferat^ly 
includes a crystal osdllator drcuit to generate an exter- 
nal dock signal (CLK) at line 220. As will be appreciated 
to those of skill in the art a crystal oscillator drcuit is 
typically associated with an output signal having very 
stable frequency characteristics witii respect to varia- 
tions in tx>th temperature and source voltage. 

Processor core 208 is a processing unit that Imple- 
ments a predetermined instruction set. Exemplary proc- 
essor cores include model 80386 and model 80486 
processor cores. It is understood, however, that a clock 
control system in accordance with the present invention 
may be employed in conjunction with other processor 
cores that implement alternative instruction sets. 

Delay sensing circuit 204 indudes a delay chain 21 2 
coupled to a buffer unit 21 4. A set of output lines of buffer 
unit 214 is coupled to a latching unit 216, and a set of 
output lines of the latching unit 21 6 is coupled to a decod-' 
ing circuit 218. 

In the illustrated embodiment, clock switching circuit 
206 receives the external clock signal at line 220. selec- 
tively varies the frequency of that signal, and provides 
an internal processor clock (POLK) at line 221 which is 
used to drive internal circuitry of processor core 208. 

As will be explained In greater detail below, delay 
chain 212 may include a plurality of serially connected 
delay elements. The delay chain 212 is included as an- 
integral portion of the microprocessor 200 and. there-' 
fore, is affected by variations in operating conditions such 
as temperature, source voltage, and process in a manner ' 
which is similar to their corresponding affects upon the 
internal circuitry of processor core 208. 

Generally speaking, during operation of microproc- 
essor 200, the external dock generator 210 provides a 
clock signal CLK at line 220. This external clock signal 
is received at an input line 226 of delay chain 212. at a 
control line 227 of latching unit 216, and at an input line 
228 of the clock switching circuit 206. The delay sensing 
drcuit 204 generates a control signal which is indicative 
of a relative propagation delay associated with delay 
chain 212 at a set of contrd lines 229. This control signal 
is provided to clock switching circuit 206 which selec- 
tively varies the frequency of the internal processor clock 
signal POLK at line 221 depending upon the specific 
value (or state) of the control signal. Further details 
regarding implementations of delay sensing circuit 204 
including delay chain 212. txjffer unit 214. latching unit 
216. and decoding drcuit 218 are provided betow. 

Rgure 3 is a t}lock diagram which illustrates one 
implementation of the delay sensing drcuit 204 of Figure 
2. Circuit portions that con-espond to those of Figure 2 
are numbered identically for simplicity and clarity. As 
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illustrated in the figures, this particular implementation 
includes delay chain 212 coupled through buffer unit 21 4 
to latching unit 216. The latching unit 216 is coupled to 
decoding circuit 218 which provides a control signal at 
lines 229 to the clock switching circuit 206 (i.e., of Figure 5 
2). 

Delay chain 212 includes a plurality of serially con< 
nected delay elements 212-1 through 212-8. The output 
lines of selected delay elements 212-x are tapped at tap 
points TP2 - TPe to provide respective tap signals to 10 
latching unit 216 through buffer unit 214. The delay ele- 
ments preferably have substantially equal delay charac- 
teristics. As schematically illustrated within the delay 
element 212-1 , each delay element 212-x may be imple- 
mented as a pair of serially connected inverters 301. is 
302. It will be appreciated that other delay circuits may 
be employed to perform similar signal-delaying func- 
tions, and that the specific form of the delay elements 
212-x may be varied without departing from the spirit and 
scope of the present invention. It is also noted that delay 20 
element 21 2-1 in the embodiment of Figure 3 is provided 
to allow for the set-up time of latching unit 216. Depend- 
ing upon the particular configuration, greater or less 
delay may be provided to properly accomodate the set- 
up time of latching unit 21 6. 25 

Buffer unit 214 includes a plurality of buffer elements 
21 4-1 through 214-7 which receive respective signals at 
tap points (TPa-TPg). The tap point signals are coupled 
to respective input lines of latching unit 216 through 
buffer unit 21 4. It is understood that for certain implemen- 30 
tations, delay sensing circuit 204 could be alternatively 
configured such that the tap points TP2-TP8 are coupled 
directly to latch unit 216. In such configurations, buffer 
unit 214 may be omitted. 

Latching unit 216 includes a plurality of storage ele- 35 
ments 216-1 through 216-7. In this implementation, the 
storage elements 216-x are positive edge triggered D 
flip-flops. As will be readily understood, each flip-flop 
includes an input line (d^ -dy), a clock (or control) line (Ci - 
C7). and an output line (qi-q?). Each input line dx is con- 40 
nected to a respective output line of buffer unit 214. Each 
clock tine Cx is coupled to receive the external clock sig- 
nal (CLK) at line 220. The output lines qx are coupled to 
decoding circuit 218. 

The operation of delay sensing circuit 204 is next 45 
considered in conjunction with Figure 4. Figure 4 is a tim- 
ing diagram which illustrates the signal state of each tap 
point TP2-TP8 as a rising edge of the external clock sig- 
nal propagates through the delay chain 212. Referring 
collectively to Figures 3 and 4. when a particular rising so 
edge 400 of the external clock signal enters the delay 
chain 212. it propagates through delay element 212-1 
and delay element 212-2 to the point TP2. Thereafter, it 
propagates in order through the remaining delay ele- 
ments 212-3 through 212-8. As illustrated in Rgure4. a ss 
signal transition which corresponds to the rising edge 
400 appears first (in time) at the tap point TP2, then at 
the tap point TP3, and so on. As illustrated in Figure 3, 
the signals at the tap points TPx are driven through buffer 



unit 214 to respective inputs of latching unit 216. Upon 
the occurrence of a subsequent rising edge 402 of the 
external dock signal (CLK) at line 220. the latching unit 
216 latches the signal states of the tap points TPx- The 
output lines qx of storage elements 2 1 6-x are thus driven 
to reflect the states of the tap points TPx when the sub- 
sequent rising edge appears at line 220. It will be appre- 
ciated that the output signal from latching unit 216 is 
indicative of a relative propagation delay associated with 
delay chain 212. Decoding circuit 218 decodes the out- 
put signals from latching unit 216 and generates a control 
signal at lines 229 which Is also indicative of the relative 
delay associated with the delay chain 31 2. It is also noted 
that, depending upon the particular configuration of clock 
switching circuit 206, decoding circuit 218 may be unnec- 
essary. Referring back to Figure 2, the clock switching 
circuit 206 receives the control signal at lines 229 and 
controls the frequency of the internal clock signal (PCLK) 
to the processor core 208 depending upon the specific 
state of the control signal. 

As is illustrated in Figure 4, the rising edge 400 of 
the external clock signal (CLK) propagated through five 
of the delay elements (i.e.. 212-1 through 212-5) in the 
delay chain 212 at the point when the next rising edge 
transition 402 occurred in the external clock signal CLK 
at line 220. This is illustrated by the highest-order tap 
point TPx which is logically high at the time when the next 
rising edge 402 occurs. Additional rising edges in the 
external clock signal (following rising edge 402) result in 
similar outputs from latching unit 216. It is noted that the 
logical state of each tap point TPx upon the occurrence 
of each rising edge is temporarily stored and provided 
as an output signal from the respective storage elements 
216-x, and that the output from latching unit 216 is 'rter- 
atively updated upon each rising edge. 

As the propagation delays associated with the inter- 
nal circuitry of processor core 208 change in response 
to, for example, temperature, supply voltage, and/or 
process variations, the propagation delays associated 
with the delay elements 212-1 through 212-8 will change 
similarly. Figure 5 Is a timing diagram which illustrates 
the signal state of each tap point TP2-TP8 as a rising 
edge of the external clock signal propagates through the 
delay chain 212 when more favorable operating condi- 
tions exist in comparison to those of the situation of Fig- 
ure 4. As illustrated in Figure 5, a given rising edge 500 
of the external clock signal (CLK) propagates through 
seven delay elements (i.e., 212-1 through 212-7) of the 
delay chain 212 upon the occun-ence of a next rising 
edge 502 of the external clock signal CLK. Once again, 
this is evidenced by the highest-order tap-point TPx with 
a logically high state, which is for this situation, TP7. The 
logical states of the tap points TPx upon the occurrence 
of the next rising edge 502 for this particular period will 
again be reflected within the stored output signal from 
latching unit 216. Since the rising edge 500 of the exter- 
nal clock signal propagated through more of the delay 
elements 212-x for the situation of Figure 5 in compari- 
son to that of Figure 4, a longer relative propagation 
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delay is associated with the operating conditions during 
the situation of Figure 4. Accordingty. dock switching cir- 
cuit 228 causes the frequency of the internal clock signal 
PCLK to processor core 208 to be raised during situa- 
tions when the operating conditions are more favorable. 5 
such as in the situation of Figure 5. That is, if the delay 
sensing circuit 204 generates a control signal which indi- 
cates relatively short propagation delays, the frequency 
of the internal dock signal PCLK is set relatively high. 
Likewise, if delay sensing circuit 204 generates a control 10 
signal which indicates relatively k>ng propagation delays, 
the frequency of the internal clock signal PCLK is set rel- 
atively low. Since an updated control signal at lines 229 
is generated by the delay sensing circuit 204 every 
period of the external clock signal at line 220. the fre- 75 
quency of the internal clock signal PCLK is dynamically 
varied throughout the operation of the microprocessor 
200 depending upon current operating conditions. 

Figure 6 is a flow diagram which depicts general 
operational steps associated with the dock control sys- 20 
tern of Figure 2. Referring collectively to Figures 2 and 
7. a rising edge of the external clock signal CLK is gen- 
erated during step 602 and is provided to the delay chain 
21 2 as illustrated by step 604. Upon generation of a sub- 
sequent rising edge of the external clock signal during 25 
step 606, the states of the tap points TP are latched. As 
stated previously, this latched signal condition is indica- 
tive of how far tiie rising edge propagated tiirough the 
delay chain during a predetermined period, and is thus 
irdicative of the propagation delay associated with the so 
delay chain. During step 608 the latched signal states of 
the tap points are decoded, if necessary, to provide an 
appropriate control signal to which the clock switching 
drcuit is responsive. The generated control signal there- 
after causes the clock switching circuit 206 to increase 35 
or decrease the frequency of tiie internal processor clock 
signal (step 610). This process is continuously repeated 
upon the occurrence of each subsequent rising edge of 
the external clock signal. 

It is noted that decoding circuit 218 may be imple- 40 
mented with combinational logic. In one implementation, 
decoding circuit 218 may be configured to detect the 
highest-order tap point signal which is logically high, as 
discussed previously. It is understood, however, that a 
variety of other spedf ic configurations of decoding drcuit 45 
218 may be employed. 

It is also understood tiiat the specific delays associ- 
ated with each delay element 212-x within delay chain 
212, as well as the number of delay elements provided 
within the delay chain, depend upon the frequency of so 
external clock signal CLK as well as upon the desired 
resolution in the relative propagation delay measure- 
ment. 

It is finally understood that clock switching circuit 206 
may be embodied in a variety of particular configura- 55 
tions. For example, the clock switching circuit 206 may 
include selectively enabled divider or multiplier circuitry 
which varies the frequency of the external clock signal 
CLK to thereby synthesize the internal dock signal PCLK 



having a frequency which is dependent upon the control 
signal at line 229. Clock switching drcuit could alterna- 
tively receive several input dock signals having differing 
frequendes. and may indude a multiplexer drcuit which 
selectively routes one of the input clock signals through 
the clock switching circuit 206 and to the processor core 
208. In addition, it is noted that although the external 
dock signal at line 220 in the embodiment of Figure 2 is 
generated externally from the microprocessor 200, the 
input clock signal to clock swvitching drcuit 206 may be 
provided from a source which is intemal to mteroproces- 
sor 200. Furthermore, although the same dock signal at 
line 220 is provided to both the delay sensing drcuit 204 
and to the clock switching circuit 206. separate clock sig- 
nals could be provided to the respective circuits. 

Referring n^ to Rgure 7, a block diagram is shown 
of an alternative embodiment of delay sensing drcuit 
204. Circuit portions that correspond to those of Rgure 
3 are numbered identically for simplicity and clarity. 

Rgure 7 illustrates an embodiment wherein delay 
chain 212 includes a plurality of delay elements 702-1 
through 702-7 coupled to receive in parallel the external 
dock signal CLK. In contrast to tine embodiment of Figure 
3. the delay elements 702-x of Figure 7 are each config- 
ured with different relative propagation delays. That is. 
Figure 7 illustrates the delay element 702-1 asax1 delay. - 
delay element 702-2 as a x2 delay, delay element 702-3 
as a x3 delay, and so on. Similar to the embodiment of 
Figure 3, a set of tap points TP-|-TP2 are coupled from 
the delay chain to latching unit 227 through buffer unit 
214. 

The operation of the delay sensing circuit of Rgure 
7 is similar to that of Figure 3. In this embodiment, how- 
ever, a particular rising edge of the external clock signal 
CLK will propagate completely tiirough some of tfie delay ' 
elements 702-x upon tiie occurrence of a subsequent- 
rising edge of the external clock signal CLK. The partic- ' 
ular number of delay elements through which the rising 
edge will completely propagate is dependent upon the 
operating conditions existing at that particular time. 
Thus, similar to the embodiment of Rgure 3, the output 
signal of latching unit 21 6 is indicative of a relative prop- 
agation delay of the microprocessor circuitry 

While a preferred and alternative embodiment of the 
present invention has been described, with respect to 
certain preferred emtxxliments. it should be apparent to 
those skilled in the art that it is not so limited. Various 
other modifications may be made without departing from 
the spirit and scope of tiie invention. It is irttended that 
the following claims be interpreted to embrace all such 
variations and modifications. 

Claims 

1 . A microprocessor comprising : 

a processor core capable of ^ecuting a pre- 
determined instruction set; 

a clock switching circuit coupled to said proc- 
essor core, wherein said clock switching circuit is 
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configured to provide an internal clock signal to said 
processor core, and wherein said clock switching cir- 
cuit Is capable of selectively varying a frequerKy of 
said internal dock signal based on a control signal; 
and 

a delay sensing circuit coupled to said clock 
switching circuit, wherein said delay sensing circuit 
is configured to generate said control signal depend- 
ent upon an extent of propagation of a given clock 
signal through said delay sensing circuit. 

2. The microprocessor as recited in claim 1 wherein 
said delay sensing circuit includes a plurality of seri- 
ally connected delay elements, wherein a set of tap 
points are interposed at predetermined locations 
along said plurality of serially connected delay ele- 
ments, and wherein said control signal is derived 
from signals at said set of tap points. 

3. The microprocessor as recited in claim 2 further 
comprising a latching unit coupled to receive said 
signals at said set of tap points, wherein an output 
signal of said latching unit is indicative of a propa- 
gation delay associated with said delay chain. 

4. The microprocessor as recited in daim 3 wherein 
said delay sensing circuit further comprises a 
decoding circuit coupled between said latching cir- 
cuit and said clock switching circuit, wherein said 
decoding circuit decodes the output signal of said 
latching unit to derive said control signal. 

5. The microprocessor as redted in claim 2 wherein a 
delay element of said plurality of serially connected 
delay, elements includes a plurality of serially con- 
nected inverters. 

6- The microprocessor as recited in claim 4 wherein 
said latching unit includes a plurality of flip-flop dr- 
cuits coupled to said tap points. 

7. The microprocessor as recited in daim 4 wherein 
said external clock signal is provided to a control 
input of said latching unit, wherein said latching unit 
latches said tap point signals in response to an edge 
of said given clock signal. 

8. The microprocessor as recited in claim 2 wherein 
each of said plurality of serially connected delay ele- 
ments is associated with a substantially equal delay 
characteristic. 

9. The microprocessor as recited in claim 2 wherein 
said delay sensing circuit includes a plurality of delay 
elements, wherein said plurality of delay elements 
are coupled to receive said given clock signal in par- 
allel. 



10. The microprocessor as recited in claim 9 wherein an 
input line of each of said plurality of delay elements 
is coupled to receive said given dock signal, and 
wherein a set of tap points are coupled to respective 

5 output line to said plurality of delay elements, and 

wherein said control signal is derived from signals 
at said set of tap points. 

1 1 . A clock control drcuit for a microprocessor, wherein 
10 said microprocessor includes a processor core 

capable of executing a predetermined instruction 
set, said dock control drcuit corrprising: 

a clock switching circuit coupled to said proc- 
essor core for providing an internal clock signal to 
15 said processor core, wherein said clock switching 
circuit is capable of selectively varying a frequency 
off said internal clock signal based on a control sig- 
nal; and 

a delay sensing circuit coupled to said clock 
20 switching circuit, wherein said delay sensing circuit 
is configured to generate said control signal depend- 
ent upon an extent of propagation of an external 
dock signal through said delay sensing circuit. 

25 12. The clock control drcuit as recited In claim 11 
wherein said delay sensing circuit includes a plural- 
ity of serially connected delay elements, wherein a 
set of tap points are interposed at predetermined 
locations along said plurality of serially connected 

30 delay elements, and wherein said control signal is 
derived from signals at said set of tap points. 

13. The clock control circuit as recited in daim 1 2 further 
comprising a latching unit coupled to receive said 

35 signals at said set of tap points, wherein an output 
signal of said latching unit is indicative of a relative 
propagation delay assodated with said delay chain. 

14. The clock control drcuit as recited in claim 13 
40 wherein said delay sensing circuit further comprises 

a decoding circuit coupled between said latching cir- 
cuit and said clock switching drcuit. wherein said 
decoding circuit decodes the output signal of said 
latching unit to derive said control signal. 

45 

15. The clock control drcuit as recited in claim 12 
wherein a delay element of said plurality of serially 
connected delay elements Indudes a pair of serially 
connected inverters. 

so 

16. The clock control drcuit as recited in claim 14 
wherein said latching unit includes a plurality of flip- 
flop circuits coupled to said tap points. 

55 17. The clock corrtrol drcuit as recited in claim 14 
wherein said external dock signal is provided to a 
control input of said latching unit, wherein said latch- 
ing unit latches said tap poirrt signals in response to 
an edge of said external dock signal. 
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18. The clock control circuit as recited in daim 12 
wherein each of said plurality of serially connected 
delay elements is associated with a substantially 
equal delay characteristic. 

5 

19. A method for dynamically changing a frequency of 
an intemal microprocessor dock signal comprising 
the steps of: 

a) generating a given clock signal of a predeter- io 
mined frequency; 

b) providing said given dock signal to a delay 
sensing drcurt; 

c) determining an extent of propagation of said 
given clock signal through said delay sensing is 
drcuit; and 

d) changing the frequency of said internal 
miaoprocessor clock signal k>ased on the deter- 
mination in step c. 

20 

20. The method as recited in claim 19 comprising the 
further step of latching a signal state of a set of tap 
points assodated with said delay sensing circuit in 
response to an edge of said given dock signal. 
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